The CFD package used for this study is COMSOL 4.3b which employs a finite element method.
The general steps of defining the geometry (using the parameters shown in Table S1 ), applying 23 boundary conditions, discretising the domain into a grid structure and solving the flow field 24 are followed, with checks made that the grid density is high enough to resolve the problem regime; where n =1 is laminar and n = 0.5 is turbulent. For our device, n = 0.905 and thus 6 generates a predominantly laminar flow. In accordance with this, the Reynolds Number was 7 found to be <<2000 throughout the device (Table S1 ). 
Reynolds number

10
Reynolds number was calculated by:
Where is the fluid density, u the fluid velocity, L a characteristic length scale (in this case the 13 pipe diameter) and µ is the dynamic viscosity.
14
Extensional flow
15
Strain is a measure of mechanical extension given by where is the original length 16 and is the extended length. Therefore rate of strain is the time derivative of . Along the 17 axis the centre-line strain is given by . More generally, the strain rate field is 18 calculated following the deformation tensors described in (2) The energy applied to a unit sphere as it passes through the contraction is calculated as 2 where is the sphere volume, is the volumetric flow rate and is the hydraulic power.
3
The hydraulic power is calculated from where is either the pressure drop over 4 the contraction or capillary. The pressure drop is taken from the CFD simulation.
6
Model used to estimate extensional force 7 The force applied onto a protein molecule was estimated using the "elementary model for shear our calculations comprised 583 residues configured as a dumbbell of two spheres each 10 containing 2/5 of the residues, joined by the remaining residues in an extended conformation.
12
Operation of extensional flow device
13
The syringes were aligned and secured using a ThorLabs optics board. A screw-jack linear 14 actuator attached to two shunts was used to depress the syringe plungers. The actuator was 15 driven by a single stepper motor to allow for accurate flow rate and volume control.
16
The protein solution was shuttled between the two syringes along the capillary tube as seen in
17
( Figure 1 ). The syringe plungers are linked hydraulically through the protein solution such that,
18
as one syringe plunger is depressed, the fluid forces cause the other to be expelled from its 
20
The resuspended pellet was then centrifuged at 15000 rpm, 4 °C for 1 h, using a Beckman 
Dynamic Light Scattering (DLS)
12
Protein samples at a range of concentrations (1-10 mg mL -1 ) were stressed for a defined number equipped with a 642 nm laser was used and the resultant data analysed using NTA 2.3 software. conjugate for 4 h at room temperature. Unreacted dye was removed using a Superdex peptide 10 column (10/300 GL, GE Healthcare). For the extensional flow experiment 10 L (1 mg mL -1 )
11
labelled BSA was added to the protein solution to be stressed (500 L). After stressing, the 12 protein solutions were analyzed on home-built FCS setup with confocal volume ~1 fL (7). Ten 13 successive scans for 30 seconds were averaged to obtain a final correlation function. The data 14 were analysed using a non-linear least squares method to fit to models accounting for one or 15 two diffusing species alongside the triplet state using a home-written MATLAB scripts as 16 described previously (8) and diffusion correlation times were converted into apparent 17 hydrodynamic radii using calibration with free dye as described (9). were applied, rendering the particle tracking analysis statistically invalid. 
5
(strain rate = 11750 s -1 ). The IAEDANS was added after a relaxation period. 
